This study aimed to characterize growth performance and ileum transcriptomic profile of two fast-growing chicken hybrids (HA and HB). A total of 1,170 one-day-old female chicks (n = 585 per genotype) were weighed and randomly divided into 18 pens (9 replications/group). Both the groups received the same commercial diet (starter, 0-9 days; grower I, 10-21 days; grower II, 22-34 days; and finisher, 35-43 days). Body weight (BW), daily feed intake (DFI) and feed conversion ratio Transcriptomic analysis revealed enriched gene sets for mitochondria, cellular energy metabolism, and cell structure and integrity in ileum mucosa of HA broilers and enriched gene sets for immune system activation, cell signalling and inflammation in HB ones. In conclusion, these results indicated that the two chicken genotypes are characterized by different growth patterns, feeding behaviour and gene expression profiles in the intestinal mucosa.
| INTRODUC TI ON
Fast-growing chicken hybrids are widely used by the poultry industry to achieve the increasing demand for poultry meat. These birds result from an important process of selective breeding in which three or four pure lines are crossed to obtain a commercial hybrid (final product) showing a high level of heterosis for specific traits (Arthur & Albers, 2003) . The continuous application of selective breeding programs allowed to obtain extraordinary improvements in terms of productive performance in meat-type chickens. Indeed, from 1957 to 2005, the growth potential of broilers has been quadrupled, Pectoralis major yield has increased up to 85% and feed conversion ratio reduced by 50% (Zuidhof, Schneider, Carney, Korver, & Robinson, 2014) . Therefore, broiler chickens are currently slaughtered at almost half the time and at twice the body weight compared to 50 years ago (Barbut et al., 2008) . On the other hand, the selection process aimed at improving growth rate and feed efficiency in broiler chickens had also negative outcomes, such as an increased susceptibility to leg weakness (Kestin, Gordon, Su, & Sørensen, 2001 ) and ascites (Julian, 1998) , changes in nutritional and environmental requirements (Arthur & Albers, 2003) , as well as histological alterations of muscle fibre structure and meat quality defects (Petracci, Mudalal, Soglia, & Cavani, 2015; Petracci, Sirri, Mazzoni, & Meluzzi, 2013) .
Moreover, these birds usually show a hyperphagic feeding behaviour and an increased proneness to obesity resulting from an imbalance between energy intake and expenditure (Richards, 2003) .
Even though similar selection criteria have been likely adopted for all the fast-growing chicken lines, differences in growth performance have been previously observed among different broiler chicken genotypes (Abdullah, Al-Beitawi, Rjoup, Qudsieh, & Ishmais, 2010; Gous, Moran, Stilborn, Bradford, & Emmans, 1999; Hancock, Bradford, Emmans, & Gous, 1995; Marcato et al., 2008 Marcato et al., , 2010 . However, the biological determinants of these differences have not been totally elucidated yet. Furthermore, since selective breeding is a continuous process, bird's genotype is continuously changing and their growth, nutritional and physiological traits are changing as well. Therefore, an updated evaluation of these aspects in fast-growing chicken lines currently available for the poultry industry, with special regards to those recently put on the market by the breeder companies, is needed.
In birds, the small intestine is the primary site for digestive processes and nutrient absorption (Leeson & Summers, 2001 ). The intestinal mucosa can be considered as a physical barrier between the molecules located in the gut lumen and the underneath tissues.
Therefore, gut mucosa plays a crucial role in bird's physiology since it must be permeable to nutrients, electrolytes and water, and at the same time is a barrier against bacteria and antigens translocation to the lamina propria. In addition, the small intestine also has an important immunological, endocrine and regulatory function (Scanes & Pierzchala-Koziec, 2014 ) which can deeply affect health status (Sugiharto, 2016) , as well as feeding behaviour and overall energy homeostasis in the chickens (Honda, Saneyasu, & Kamisoyama, 2017) .
The results achieved in the field of animal genomics in the last 20 years are astonishing. Currently, microarray analysis offers the possibility to investigate the expression level of thousands of genes simultaneously, allowing to extrapolate important information regarding the biological pathways expressed in the examined tissues (Cogburn et al., 2003; 2007) . A better knowledge of the metabolic dynamics in a key organ such as small intestine might be useful to explain the phenotypical differences observed in growth performance among different fast-growing chicken lines. Similarly, useful information regarding their nutritional and physiological needs can be obtained, allowing in the future to formulate tailored diets with undoubtedly positive outcomes on feed efficiency, animal health and welfare, quality of poultry products as well as on environmental and economic sustainability of the poultry industry.
Therefore, the present study was undertaken to characterize productive traits and intestinal transcriptomic profile of two fastgrowing chicken hybrids currently available for the poultry industry.
| MATERIAL S AND ME THODS

| Animals, housing and diet
A total of 1,170 one-day-old female chicks (585 for each genotype, HA and HB respectively) were obtained by a commercial hatchery.
For each genotype, eggs were obtained by the same breeder flock and incubated in the same environmental conditions following the procedures commonly used in the hatchery. All the chicks were vaccinated against coccidiosis, infectious bronchitis virus, Marek's disease virus, Newcastle and Gumboro disease. The chicks were then transferred to an environmental controlled poultry house and randomly divided in 18 pens of 6 m 2 each (9 replications/group, 65 birds/replication, 11 birds/m 2 ). Stocking density was defined according to the European legislation in force (European Commission, 2007) to simulate the environmental conditions usually adopted in the intensive production system. Inside the poultry house, pens were distributed in randomized blocks in order to minimize any environmental effect. Each pen was equipped with two circular pan feeders able to guarantee at least 2 cm of front space/bird and 10 nipples, while the floor was covered with chopped straw (2 kg/ m 2 ). According to the legislation in force (European Commission, 2007) , birds received 23L:1D of artificial light from 0 to 7 days and in the last 3 days before slaughter, whereas a photoperiod of 18L:6D was adopted in the remaining days. Both the experimental groups received the same commercial corn-wheat-soybean basal diet (Table 1) formulated according to the current recommendations. The feeding program was composed of four phases: starter (0-9 days), grower I (10-21 days), grower II (22-34 days) and finisher (35-43 days). All the diet switches were made uniformly for both the experimental groups. Water and feed were provided for ad libitum consumption. All the operations related to handling, raising and processing were in accordance with the European legislation (European Commission, 2007; 2010) . The Ethical
Committee of the University of Bologna approved the experimental protocol (ID: 928/2018).
| Productive performance
The number and weight of the birds present in each pen were recorded at housing (0 day), at each diet switch (9, 21, 35 days) and before slaughter (43 days). Similarly, the feed was weighed at the beginning (0, 10, 22, 35 days) and at the end of each feeding phase (9, 21, 34, 43 days), respectively. The number, age and weight of birds that died during the trial were recorded to calculate mortality percentage. According to these measurements, body weight (BW), daily weight gain (DWG), feed intake (FI), daily feed intake (DFI) and feed conversion ratio (FCR) were calculated on a pen basis and corrected for mortality. a Provided the following per kg of diet: vitamin A (retinyl acetate), 13,000 IU; vitamin D3 (cholecalciferol), 4,000 IU; vitamin E (DL-α_tocopheryl acetate), 80 IU; vitamin K (menadione sodium bisulfite), 3 mg; riboflavin, 6.0 mg; pantothenic acid, 6.0 mg; niacin, 20 mg; pyridoxine, 2 mg; folic acid, 0.5 mg; biotin, 0.10 mg; thiamine, 2.5 mg; vitamin B 12 20 μg; Mn, 100 mg; Zn, 85 mg; Fe, 30 mg; Cu, 10 mg; I, 1.5 mg; Se, 0.2 mg; ethoxyquin, 100 mg.
a group basis. During slaughtering operations, a foot from each bird was collected and severity of footpad dermatitis (FPD) was macroscopically evaluated using a 3-point scale evaluation system: 0 = no lesions; 1 = mild lesions (<0.8 cm); and 2 = severe lesions (>0.8 cm) (Ekstrand, Algers, & Svedberg, 1997) .
| Tissue collection
At the processing plant (43 days), ileum was collected from 1 bird/ replication selected with similar BW and clearly labelled. The ileum was longitudinally opened and the internal surface washed with phosphate buffer saline (PBS) pH 7.4. Then, the mucosa was gently scraped with a microscope slide, put into sterile vials, immediately frozen in liquid nitrogen and preserved at −80°C until further processing.
| RNA extraction and microarray analysis
Total mRNA was extracted from ileum mucosa homogenate using the 
| Statistical analysis
Productive performance data were analysed by one-way ANOVA using the GLM procedure of SAS (SAS Institute, 1988) 
| RE SULTS
| Productive performance
The bird's productive performance of both genotypes is shown in The results of the evaluation of FPD occurrence are reported in Figure 1 . The HA group showed a lower percentage of birds with no lesions (class 0) (48% vs. 75%, respectively for HA and HB; p < 0.001), while exhibited a higher percentage of those with moderate lesions (class 1) (50% vs. 24%, respectively for HA and HB; p < 0.001). However, both the genotypes tested in this trial showed a very low percentage of birds with severe lesions (class 2) (2% and 1%, respectively for HA and HB).
| Intestinal transcriptomic profile
A total of 114 and 179 gene sets resulted significantly enriched in the ileum mucosa of HA and HB broilers, respectively (Supporting Information Table S1 ). In the HA group (Table 3) , a high percentage of biological gene sets involved in cellular energy metabolism and mitochondria structure and functionality were observed (43% and 23% of the total, respectively). Other gene sets that were significantly enriched in the ileum mucosa of HA birds were related to ribosome structure and protein synthesis (11%), cell structure and integrity (8%), as well as antioxidant and detox mechanisms (6%). On the other hand, a significant enrichment in gene sets that are related to the immune system activation (28% of the total) was observed in the ileum mucosa of the HB birds (Table 3) . Moreover, an increased expression of gene sets involved in signal transduction and cell signalling (20%), DNA remodelling and replication-chromatin/histone modification (15%), cell activation, migration and adhesion (12%), inflammation (7%) and bone remodelling (4%) was detected in the HB group.
| D ISCUSS I ON
In this trial, the growth pattern of two different fast-growing chicken hybrids (HA and HB), both currently available for the poultry industry, was characterized. In addition, ileum transcriptomic profile and gene set analysis were also investigated in an effort to better understand the physiological dynamics occurring in the small intestine of different chicken genotypes raised in the same environmental conditions and fed the same basal diet, which was formulated according to the current indications and widely used in commercial practices.
Considering the productive performance in the overall period of trial, HB broilers reported higher BW, DWG and DFI compared to HA ones, whereas no significant difference was observed in terms of FCR and mortality. However, the two genotypes showed different growth patterns throughout the study, as previously ob- Ross 308 lines were compared (Hristakieva et al., 2014) . On the contrary, other studies showed no significant difference in weight of day-old chicks belonging to different fast-growing broiler lines (Tona et al., 2010) .
After 9 days of the trial, HA birds maintained higher BW than the HB ones likely through a better exploitation of the dietary nutrients, as suggested by the lower value of FCR observed during the starter phase in this group. Overall, these data suggest a greater precocity of HA chicks compared to the counterpart.
On the other hand, HB birds achieved higher BW at 21, 34 and 43 d of trial indicating that this genotype is characterized by a later development compared to the counterpart. This improvement could be mainly attributable to the higher feed intake observed in the HB group during these feeding phases and in the overall period of the trial. Apart from the starter phase, in which HA birds showed a better FCR, the two genotypes showed comparable feed efficiency throughout the trial, confirming that the higher body weight reached by HB birds was mainly due to their higher voluntary feed intake rather than a better exploitation of the dietary nutrients. The mechanism affecting the regulation of feed intake in chickens is extremely complex since different physiological and environmental factors are involved (Richards & Proszkowiec-Weglarz, 2007) . It can be hypothesized that the different selective processes applied to the two genotypes may have exerted changes in their feeding behaviour. However, other scientific insights, such as the assessment of the expression of feeding-related neuropeptides, are necessary to confirm this hypothesis.
Footpad dermatitis is a contact dermatitis affecting broilers and turkeys, and it has very important effects on animal welfare and health, food safety, and economic aspects (Shepherd & Fairchild, 2010) . The incidence and severity of these necrotic lesions can be considered reliable indicators of chicken welfare and management conditions (Meluzzi & Sirri, 2009 ). The differences among various chicken strains in the proneness to develop FPD have been previously reported (Bilgili, Alley, Hess, & Nagaraj, 2006; Kestin, Su, & Sorensen, 1999; Sanotra, Berg, & Lund, 2003) . In this study, HB birds showed a lower incidence of FPD despite their higher body weight, which is considered a predisposing factor in the onset of this condition. Overall, these results indicated that HB genotype seems characterized by a greater resistance of the footpads and a lower proneness to develop FPD. Mitochondria structure and functionality 23
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Significant differences between the two genotypes were observed also in terms of gene and biological pathways expressed in the ileum mucosa. HA birds showed a greater expression of gene sets related to cellular energy production, mitochondria structure and functionality, as well as cell structure and integrity, ribosome structure and assembly, protein synthesis and antioxidant capacity.
Taken together, these results seem to indicate the overall health condition of the intestinal mucosa, as suggested by the upregulation of some cell structures and integrity pathways in the HA birds (e.g., GO_APICAL_JUNCTION_COMPLEX, GO_BRUSH_BORDER, GO_ CADHERIN_BINDING). Maintaining a proper epithelial integrity and functionality is a necessary process, even though it represents a no- proper epithelial structure and integrity. Similarly, the upregulation of protein synthesis processes as well as ribosome structure and assembly (e.g., GO_RIBOSOME; GO_CYTOSOLIC_RIBOSOME; GO_ PROTEIN_LOCALIZATION_TO_ENDOPLASMIC_RETICULUM) might be consistent with the phenotypic expression of an overall greater functionality of the epithelium. In HA group, also some antioxidant and detox mechanism-related pathways showed significant enrichment (e.g., GO_GLUTATHIONE_METABOLIC_PROCESS; GO_GLUTATHIONE_TRANSFERASE_ACTIVITY), suggesting a greater antioxidant capacity in the small intestine of these birds, which can be required to counteract the oxidative stress occurring with the increased activation of mitochondria and, in general, with the metabolic processes within the cell.
A different transcriptomic profile has been observed in the ileum mucosa of HB birds. Indeed, according to the functional analysis, it appeared that HB birds may have experienced an inflammatory condition in the small intestine, as also indicated by the upregulation of GO_INFLAMMATORY_RESPONSE pathway. As shown in Table 3 , approximately 30% of the significantly enriched pathways were involved in the activation of the immune system (e.g., GO_ leading to an increased expression of several inflammatory cytokines (Sabio & Davis, 2014) . Similarly, a potential role of PI3-Ks in intestinal inflammation (Cahill, Rogers, & Walker, 2012; Weaver & Ward, 2001 ) and cell migration (Cain & Ridley, 2009) meat-type chickens tend to consume feed to maximize gut fill (Classen, 2016; Ferket & Gernat, 2006) . Therefore, it can be hypothesized that the selective process applied to HB birds may have increased their voluntary feed ingestion capacity probably beyond their digestive functionality, leading to an increased oxidative stress and inflammation in the gut. A similar scenario has been recently defined by Kogut, Genovese, Swaggerty, He, and Broom (2018) as "metabolic inflammation," which represents a chronic low-grade inflammation triggered by the excessive nutrient intake and the metabolic surplus which may occur in modern fast-growing broiler lines.
Moreover, the undigested or poorly digested feed can be used as a substrate for the growth of harmful bacteria. The potential changes in the intestinal microbiota may dysregulate cross-talk among bacteria, intestinal epithelium and mucosal immune system, resulting in local inflammatory conditions (Kaiser & Balic, 2015) . However, further insights are necessary to evaluate whether the gut microbes may have played any roles in triggering inflammation and immune system activation and also if the latter factors would have limited the growth potential of HB broilers. Inflammation and immune system activation may have also exerted changes in metabolic requirements of specific nutrients which should be integrated with the diet to sustain animal health and productivity.
In conclusion, from this study emerged that the two fast-grow- 
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